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/nfernafiona/  Indian  Ocean 


Expedition 


/LLTHOUGH  many  nations  with  many  ships  and  hundreds  of  scientists 
and  quite  a  few  international  organizations  are  engaged  in  the  large  scale 
effort  to  study  the  Indian  Ocean,  the  expedition  has  received  little  attention. 
Therefore,  this  issue  is  devoted  to  the  IIOE. 

Our  fine  cover  photo  by  R.  Munns  was  made  on  Coco  Island  in  the 
Cargados  Carajos  island  group  where  the  'Atlantis  IF  made  a  shore  landing. 
Ornithologist  R.  H.  Riseborough  is  trying  to  lure  one  of  the  Fairy  terns 
which  nest  on  the  uninhabited  islet.  Fairy  terns,  sooty  terns  and  noddies 
abounded  in  great  quantities. 
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Report  from  the  Director 


U) 

z 
z 


VOL.    X,    No.    3,    March    1964 


OTEERING  a  desk  is  exciting  and 
fun  sometimes  but  prolonged  attach- 
ment to  a  swivel  chair  is  devastating. 
Hence,  it  was  a  special  treat  to  join 
"Rocky"  Miller,  his  excellent  cadre 
of  scientists,  and  the  fine  crew  of  the 
'Atlantis  II'  for  the  last  two  legs  of 
our  first  major  participation  in  the 
International  Indian  Ocean  Expedi- 
tion. 


Inescapable  duties,  not  the  least  of  which  were  associated  with  the 
acquiring  of  the  'Atlantis  II',  construction  of  the  new  laboratory  and  an 
extensive  reorganization  of  the  Institution,  both  in  Administrative  and 
Scientific  Departments,  had  prevented  me  from  going  to  sea  on  a  major 
cruise  in  three  years.  The  opportunity  to  join  our  new  ship  and  observe 
what  had  been  learned  about  the  Indian  Ocean  could  not  be  resisted.  I 
joined  the  ship  in  Mauritius  and  participated  in  the  work  to  Lourenco 
Marques  and  then  to  Capetown.  Chief  scientist  Miller  flew  home  from 
Lourenco  Marques  to  set  the  stage  for  the  massive  job  of  data  analysis 
which  already  had  been  started  on  board  and  flattered  the  Director  by 
permitting  him  to  be  chief  scientist  to  Capetown,  although  in  fact  the 
work  was  entirely  carried  out  under  the  capable  leadership  of  R.  Munns. 

Fortunately,  I  was  not  needed  to  stand  a  watch.  This  permitted  me  to 
spend  time  with  and  "assist"  each  of  the  scientists  on  board  as  well  as 
explore  the  ship's  operations.  I  was  delighted  with  every  aspect --both 
scientific  and  marine.  The  excellence  of  the  morale  was  indicated  by  the 
fact  that  I  did  not  receive  a  single  complaint,  especially  gratifying  since 
the  ship  had  been  away  from  home  four  months  with  six  weeks  to  go  and 
that  almost  everyone  on  board  had  made  the  entire  cruise.  No  doubt,  the 
good  morale  was.  due  in  part  to  the  fact  that  the  'Atlantis  II'  is  fulfilling 
our  hopes  in  every  respect.  The  years  of  hard  work  of  the  design  com- 
mittee and  the  naval  architects,  and  the  excellence  of  the  construction 
all  were  evident  in  the  performance  of  the  ship. 

Now  I  knew  we  had  a  worthy  successor  to  our  beloved  'Atlantis'  and 
that  luster  would  be  added  to  this  noble  name  in  the  years  to  come.  But 
a  ship  cannot  accomplish  her  duties  without  those  who  man  and  command 
her.  A  ship  can  sail  to  purposeless  ends  without  a  well-conceived  and 
well-executed  mission.  My  pleasure  in  the  ship  was  only  exceeded  by  my 
pride  in  those  who  were  using  her.  Mr.  Miller  and  Captain  Hiller  were 
excellent  leaders  of  outstanding  teams. 

There  is  no  question  but  that  this  cruise  has  made  a  major  contribution 
to  the  International  Indian  Ocean  Expedition. 

PAUL  M.  FYE 


What:  A  COMPLETE  survey  of  the  Indian 
Ocean,  including  descriptive,  physical,  chemi- 
cal and  biological  oceanography,  marine 
meteorology,  geology,  and  geophysics. 


Why:  JLjITTLE  was  known  about  the  third  largest  ocean.  The  Indian 
Ocean  is  particularly  interesting  in  that  the  surface  current  changes 
direction  during  the  summer  and  winter  monsoons.  There  is  large 
scale  upwelling  of  nutrient  rich  deep  water  causing  high  pro- 
ductivity of  organisms.  There  is  the  possibility  of  development  of 
fisheries  for  the  overpopulated  Asian  countries,  although  it  has  to 
be  found  why  occurrences  of  hydrogen  sulfide  cause  mass  mortality 
of  fish. 


Who:  O  HIP-OPERATING  countries:  Australia 
(37),  France  (20),  Germany  (Fed.  Rep.)  (6), 
India  (24),  Indonesia  (3),  Pakistan  (18), 
Portugal  (3),  Rep.  of  South  Africa  (13),  Thai- 
land (2),  U.S.S.R.  (20),  United  Kingdom  (35), 
U.S.A.  (119).  The  number  of  shipmonths  are 
shown  in  parenthesis  after  each  country. 
Total:  320.  Other  participants:  Burma,  Cey- 
lon, China,  Ethiopia,  Israel,  Italy,  Malagasy 
Rep.,  Fed.  of  Malaya,  Mauritius,  Sudan. 


Area:    Indian  Ocean  and  adjacent  seas. 


Co-ordinator:     The    Secretary    of    the    Intergovernmental    Oceanographic 
Commission.    (IOC) 


Time  of  study:    From  1958  to  1965.    Peak  at  1962,  '63  and  '64. 


Principal  sponsors:  UNESCO  and 
Special  Committee  of  Oceanic  Re- 
search of  International  Council  of 
Scientific  Unions. 


Other  interested  organizations:  .INTERNATIONAL  Meteorological  Centers, 
Indian  Ocean  Biological  Center,  Food  and  Agricultural  Organiza- 
tion of  the  UN.  (FAO),  World  Meteorological  Organization  of  the 
UN  (WMO),  U.  S.  National  Museum. 


U.  S.  Participation:  JVLoRE  than  100  educational 
and  scientific  institutions,  many  Federal 
agencies,  with  the  National  Science  Founda- 
tion and  the  Office  of  Naval  Research  assum- 
ing most  of  the  financial  expenses.  Ships: 
Anton  Bruun,  NSF;  Atlantis  II  and  Chain, 
WHOI;  Vema,  and  new  vessel, Lament;  Argo, 
and  Horizon ,  Scripps  ;  and  Te  Vega,  Stanford 
Univ. 


A: 


.IRPLANES  from  our  institution  and 
the  U.S.  Weather  Bureau  and  weather  ships 
of  the  U.S.  Coast  Guard  are  participating 
with  many  land  stations  in  the  Meteorologi- 
cal Program  under  the  direction  of  the 
University  of  Hawaii,  cooperative  with  the 
Universities  of  Michigan  and  Washington  and 
the  Woods  Hole  Oceanographic  Institution. 


The  National  Oceanographic  Data  Center 
(NODC)  will  receive  and  process  data  and 
make  it  available  to  the  scientific  community 
around  the  world. 


For  a  fuller  explanation  see:  Knauss,  J.  A. 
"The  International  Indian  Ocean  Expedi- 
tion", Science,  Vol.  134,  pp  1674-1676. 


INTERNATIONAL  INDk 

CRUISES  COMPLETED  AB 


TRACKS 

AUSTRALIA  -  VIII-IX  '62 
FRANCE  -  VII- IX   '60 
JAPAN    -  '61 -'6 3 
USSR    -    X  '59  •  IV  '60 
USSR    -    IX '60  •  III  '61 
USSR     -    VII  '61  •  II  '62 
UK     -     N.I.O.   '62-'63 
UK     -     E.A.F.R.O.  '62-'63 
USA    -    LAMONT    '59 
USA    -    LAMONT    '59  -'60 


How  it  started 

J.  HE  IDEA  of  an  international 
campaign  of  coordinated  synoptic  ob- 
servations covering  the  whole  of  the 
Indian  Ocean  was  first  discussed  by 
the  CASGI1  Working  Group  on 
Oceanography  at  a  meeting  held  in 
January  1957  at  Goteborg.2  This  idea, 
taken  over  by  SCOR3  from  its  very 
founding  (in  July,  1957),  took  shape 
in  1959  in  the  form  of  an  interna- 
tional year  of  oceanographic  observa- 
tions to  be  carried  out  on  a  large 
scale  with  facilities  supplied  jointly 
by  the  nations  or  scientific  bodies 
taking  part. 

In  effect,  problems  'peculiar  to  the 
Indian  Ocean  implied  the  very  close 
coordination  of  oceanographic  and 
meteorological  observations,  repeti- 
tion of  these  observations  during  all 
four  seasons  of  the  year,  their  con- 
centration into  a  region  north  of 
20°S,  and  the  making  of  these 
observations  on  a  tight  grid  because 
of  the  scarcity  of  previous  observa- 
tions and  the  strong  horizontal 
gradients  of  certain  essential  charac- 
teristics encountered  in  certain 
regions. 

Historic  model 

In  1959,  Professor  G.  Wiist  pro- 
posed a  division  of  work  based  on 
such  a  systematic  grid,  but  his  plan 
was  considered  too  strict  by  some 

1  Special  Committee  for  IGY. 

2  See:     "The    recent    Goteborg    meetings", 
Oceanus,  Vol.V,   Nos.   1   &   2. 

3  Scientific    Committee    for    Oceanic     Re- 
search. 


and  was  not  adopted.  In  place  of  a 
precise  and  limited  operation,  strictly 
coordinated  in  space  and  time,  and 
grouping  problems  of  the  ocean  and 
the  atmosphere  in  its  objectives 
an  operation  which,  because  of  the 
peculiarities  of  the  Indian  Ocean, 
could  have  been  a  model  in  the  history 
of  oceanography  each  national 

working  group  or  institution  was 
allowed  to  draw  up  its  own  plans  in 
terms  of  its  own  facilities  and  .its 
own  interests.  Only  a  very  general 
line  of  action  was  retained  from 
Wiist's  plan. 

Soon  SCOR  was  confronted  with  a 
very  large  number  of  plans  for 
participation,  involving  both  perma- 
nent and  non-permanent  phenomena, 
and  so  little  coordinated  in  space  and 
above  all  in  time  that  the  "Inter- 
national Oceanographical  Year  of  the 
Indian  Ocean"  was  transformed  into 
an  "International  Indian  Ocean 
Expedition"  which  would  last  from 
1961  to  1965.  The  peak  period,  origi- 
nally planned  for  1961-62,  was  gradu- 
ally postponed  to  1963-64. 

Even  though  the  physical  oceano- 
graphy of  the  International  Indian 
Ocean  Expedition  do.es  not  appear  to 
us  to  be  sufficiently  coordinated,  it 
represents  notable  progress  over  that 
of  the  recent  IGY  in  that: 

1.  For  the  first  time  true  coopera- 
tion on  an  international  scale  has 
been  established  between  oceanogra- 
phers  and  meteorologists; 


N  OCEAN  EXPEDITION 

D  PLANNED  1959-1963 


USA 
USA 
USA 
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LAMONT    '62 

SCRIPPS     X-XI   '60 

SCRIPPS    VII  »62-IV'63,Vlf63-X  '63 


AREAS 

AUSTRALIA 

PAKISTAN 

SOUTH  AFRICA  '62 

USSR       1:  Vl'60,  2    I-HI  '61,  3-  IX-XII  '61 

UK-  HYDRO  (15*N-10»S,E.AFRICA-75'E)*'6HV'62,f62-'63 

USA-W.H.O.I.(N.W.QUADRANT,INDIAN OCEAN)-I-VI '62,VI-XI I  '63 


2.  Many  series  of  observations  will 
be  repeated  at  least  during  the  two 
principal    seasons    of    the    monsoon; 

3.  We  are  at  last  trying  to  organ- 
ize the  standardization  and  intercali- 
bration  of  instruments,  methods  and 
techniques  among  the  various  teams 
responsible  for  observations; 

4.  The   Intergovernmental   Oceano- 
graphic  Commission   (IOC)   a  perma- 
nent body  created  in  1961  and  linked 
to  the  highest  of  international  bodies, 
the    UN,    now    helps    effectively    in 
solving  a  large  part  of  the  practical 
problems  that  can  be  raised  by  this 
coordination. 

Co-ordination 

Conditions  for  the  conception  and 
execution  of  a  strictly  coordinated 
operation  appear  in  1963  to  be  much 
more  favorable  than  those  prevailing 
in  1959-60.  Nothing  can  be  accom- 
plished without  time,  adherences  to 
the  general  plan  were  made  known 
only  slowly  and  gradually.  It  must  be 
admitted  that  at  first  men's  minds 
were  rather  unprepared  for  this 
undertaking  and  some  were  even 
reluctant. 

At  the  stage  reached  on  1  April 
1963,  our  thinking  might  be  set  down 
as  follows: 

...  To  allow  the  presently  planned 
hydrographic  operations  to  take  place 
according  to  the  plans  of  their  organ- 
izers, intervening  only  when  advice 
is  asked; 


...  to  try  to  keep,  with  the  very 
efficient  help  of  the  National  Oceano- 
graphic  Data  Center  in  Washington, 
an  inventory  in  the  form  of  seasonal 
charts  of  the  hydrographic  operations 
carried  out  in  the  Indian  Ocean; 

...  to  close  this  inventory  in 
October  1964,  and  with  the  help  of 
those  of  our  colleagues  who  will  then 
be  truly  interested  in  the  study  of 
the  formation  and  circulation  of  the 
characteristic  water  masses  in  the 
Indian  Ocean,  draw  up  a  succinct 
balance  sheet  of  what  will  have  been 
done; 

...  to  define  then,  as  precisely  as 
possible,  the  principal  problems 
raised  by  the  hydrographic  structure 
and  dynamics  of  the  Indian  Ocean; 

...  to  propose  coordinated  opera- 
tion to  be  carried  out  according  to  a 
well-determined  plan  to  gather  data 
believed  necessary  to  solve  these 
problems; 

...  to  propose  these  operations,  to 
take  a  census  of  teams  volunteering 
to  carry  them  out,  and  then,  in  full 
agreement  with  responsible  authori- 
ties, to  organize  and  carry  out  as 
much  as  possible,  including,  if  neces- 
sary, a  multiple  ship  survey  with  all 
the  requirements  of  subordination 
that  this  implies. 

(This  information  was  obtained  from 
the  IOC  (UNESCO)  information 
paper  #3.) 
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Stations  occupied  by  the  R.V.  'Atlantis  II'  in  the 
Indian  Ocean  in  August  through  November  1963 


With  Atlantis  II 

to  the  Indian  Ocean 


by  A.   R.  MILLER 


Our  first  major  participation   in  the  International  Indian  Ocean  Expedition. 


•EFORE  me  I  have  a  global  atlas. 
As  I  look  at  the  area  representing 
the  western  Indian  Ocean,  I  am 
somewhat  puzzled  by  the  arrows 
depicting  the  current  system.  Accord- 
ing to  this  globe  the  general  circula- 
tion is  revolving  counterclockwise, 
while  our  investigations  carried  out 
during  the  southwest-southeast  mon- 
soon gave  results  indicating  the 
opposite  direction,  more  or  less  fol- 
lowing the  wind.  The  'Atlantis  II' 
was  in  the  Arabian  Sea  during  August 
and  September  and  south  of  the 
equator  in  October  and  November. 
She  had  traversed  the  entire  western 
half  of  the  Indian  Ocean  from  north 
to  south  occupying  183  hydrographic 
stations.  All  signs  and  observations 
indicated  a  clockwise  system.  This 
contradiction  with  the  atlas  gives 
one  pause  to  wonder  about  the  other 
half-year  when  the  wind  reverses 
direction. 


For  the  sake  of  history:  the  'Atlantis' 
made  a  joint  cruise  with  the  'Vema'  in  1958 
in  the  Mediterranean  and  Red  Seas  with  a 
short  reconnaissance  into  the  Indian  Ocean. 


Atlantis  II 

We  found  a  well-developed  current 
system  apparently  traceable  from 
Mauritius  in  the  south,  past  Madagas- 
car, across  the  equator,  extending 
north  and  northeastward  along  the 
coast  of  Somalia,  well  into  the 
Arabian  Sea.  There  seems  to  be  little 
doubt  about  the  continuity  of  this 
current  as  it  is  characterized  by 
relatively  high  oxygen  values  stand- 
ing out  clearly  within  an  unusually 
low  oxygen  environment.  The  system 
is  deep,  with  its  more  definable 
properties  appearing  at  depths  from 
600  to  1,000  meters.  Forces  must  be 
tremendous  indeed  to  break  up  this 
continuity,  if  it  is  broken,  and  turn 
the  current  in  the  opposite  direction. 
So  I  wonder,  does  it  turn?  Does  the 
northeast  monsoon  affect  the  water 
movement  down  deep,  or  does  the 
component  of  wind  from  the  north 
skim  the  surface  reversing  the  cur- 
rent superficially? 

Other  ships 

One  ship,  by  itself,  is  not  sufficient 
to  work  out  this  problem,  in  a 
seasonal  ocean  of  such  vast  propor- 
tions as  the  Indian  Ocean.  Many 
ships  and  many  nations  are  partici- 
pating in  this  great  venture,  the 
International  Indian  Ocean  Expedi- 
tion. We  spoke  the  new  Royal  Re- 
search Vessel  'Discovery'  and  the 
N.S.F.'s  'Anton  Bruun',  carrying  out 
the  U.  S.  Biological  Program,  but 
missed  meeting  the  H.M.S.  'Owen'. 
All  four  vessels  at  one  time  were 
within  a  few  days  sail  of  each  other. 
Planning  and  timing  of  the  Expedi- 
tion was  beneficial  in  many  ways. 
While  'Discovery'  was  working  the 
stormy  area  of  the  coast  of  Arabia 
during  the  height  of  the  southwest 
monsoon,  we  were  able  to  skirt  that 
blustery  region  and  bang  our  way 
southwards  to  Somalia,  at  the  same 
time  filling  in  much  needed  data  for 
the  'Discovery's'  purposes.  Off  the 
Seychelles,  the  'Discovery'  came  to 
our  aid  when  we  had  difficulties  with 
wire.  We,  in  turn,  were  able  to  give 
radioed  assistance  to  the  'Anton 
Bruun'.  Exchanges  of  information 
were  valuable  to  us  all. 


Although  it  is  far  too  early  to 
generalize  our  findings  we  learned 
that  this  is  a  most  complex  ocean. 
We  found  that  the  Somali  Current, 
which  sweeps  up  the  eastern  coast  of 
Africa  at  more  than  four  knots,  was 
considerably  wider  and  deeper  than 
it  was  thought  to  be.  The  current  was 
some  150  miles  wide  and  1,000  meters 
deep,  with  a  total  transport  of  about 
one  fifth  that  of  the  Gulf  Stream  off 
the  U.S.  east  coast.  As  H.  Stommel 
has  pointed  out,  the  Somali  Current 
is  unique  in  that  it  is  the  only  known 
ocean  current  which  runs  across  the 


SPOONER 


equator.  Just  to  the  east  of  the 
Somali  Current  there  appeared  to  be 
a  more  shallow  countercurrent  run- 
ning southward;  with  another  north- 
ward current  just  to  the  east  of  it. 

The  relatively  slight  rainfall  en- 
countered during  the  cruise  was 
another  interesting  feature.  July  to 
September  is  the  traditionally  rainy 
season  on  the  continent  of  India.  At 
sea,  however,  the  rainfall  was  quite 
slight  during  the  entire  cruise,  about 
equal  to  a  fairly  dry  month  on  Cape 
Cod. 


MR.  MILLER,  physical  oceanographer 
on  our  staff  has  a  uncanny  ability  to 
make  friends  and  be  a  goodwill  am- 
bassador on  his  cruises.  Few  people, 
for  instance,  have  arrived  in  Egypt  at 
5  a.m.  to  be  greeted  by  the  head  of  the 
Suez  Canal  Commission. 


Time  and  expense,  each  of  which 
saddles  the  oceanographer's  efforts, 
were  lessened  by  the  fine  cooperation 
given  us  everywhere  we  visited.  Our 
way  was  smoothed  by  courtesies  ex- 
tended us  by  port  authorities  arranged 
beforehand  through  the  various  gov- 
ernments concerned.  Information 
exchange,  visits,  tours,  and  lectures 
were  arranged  by  local  committees 
and  scientists.  We  maintained  an 
in-port  scientific  watch  to  care  for  the 
numbers  of  visitors  welcomed  aboard 
the  'Atlantis  II'. 

Collaboration 

At  sea,  we  occupied  three  of  the 
dozen  reference  stations  established 
throughout  the  Indian  Ocean.  The 
purpose  of  these  stations  is  two-fold: 
to  serve  as  a  means  of  calibrating  the 
work  of  different  ships  and,  also,  to 
serve  as  keys  for  observing  trends 
and  fluctuations  in  the  water  environ- 
ment. International  scientific  col- 
laboration was  also  marked  by  the 
sharing  of  techniques  and  man  power. 
Thirty  percent  of  the  scientific  staff 
aboard  the  'Atlantis  II'  were  for- 
eigners, representing  eight  different 
countries. 

This  cruise  is  finished.  For  me,  it 
signifies  a  new  step  forward.  I  have 
been  accustomed  to  smaller  ships 
with  less  capabilities  and  accommo- 
dations than  the  'Atlantis  II'.  She  has 
proven  to  be  a  versatile  and  adapt- 
able research  vessel,  comfortable, 
spacious,  and  in  some  respects,  almost 
a  floating  academy.  Her  first  long 
voyage  has  shown  her  mettle.  We 
accomplished  what  we  set  out  to  do: 
to  obtain  a  comprehensive  view  of 
the  Indian  Ocean  during  one  of  the 
monsoon  seasons  but  as  could  be 
expected  our  observations  have 
raised  more  problems  than  they 
solved. 


From  Capetown  to  Woods  Hole 


by  C.  O'D.   ISELIN 


Of   boat   building,   fair   winds,   the    flora    and   fauna 
of    St.    Helena    and    the    absence    of    fair    currents 


HE  WRITER  recently  very  much 
enjoyed  roughly  8,000  miles  of  trade 
wind  weather  on  the  long  north- 
westerly slant  from  Capetown  to 
Woods  Hole.  For  him  this  was  strictly 
a  luxury  cruise  that  could  not  be 
equaled  at  $40  a  day  on  any  ocean 
liner.  To  cross  the  entire  trade  wind 
belt  in  air-conditioned  splendor  is 
quite  an  experience. 

My  strongest  impression  was  that 
in  every  department  the  ship  ran  like 
a  Swiss  watch.  Everybody  knew  and 
enjoyed  his  job.  Everybody  but  my- 
self kept  busy  and  did  a  full  day's 
work.  It  was  particularly  gratifying 
to  me  to  observe  how  much  the  crew 
and  the  scientists  use  our  excellent 
library.  It  was  seldom  empty,  day 
or  night. 

Of  special  interest  was  Captain 
Hiller's  "boat  yard.''  He  had  many 
willing  helpers  and  it  was  a  pleasant 
shady  spot  to  get  to  know  them.  If 
the  weather  had  held  out  for  one 
more  day,  his  well-designed  and 
expertly  constructed,  large  sail  boat 
would  have  been  finished.  His  is 
probably  the  only  boat  yard  with  an 
infinite  supply  of  steam  for  bending 
planks.* 

It  is  a  novel  experience  to  have  the 
wind  nearly  dead  astern  for  so  many 
days.  We  entered  the  trades  two 
days  out  of  Capetown  and  remained 
in  them  until  Bermuda  was  nearly 
abeam.  All  of  this  time  the  wind 
velocity  only  varied  by  two  to  four 
knots.  Since  our  speed  averaged 
to  12  knots  -  -  the  average 
strength  of  trade  winds  —  sometimes 
we  were  going  slightly  faster  than 
the  wind  and  sometimes  slightly 
slower.  Under  these  conditions  good 


measurements  of  air  temperature 
became  very  difficult.  On  the  other 
hand,  it  was  easy  to  know  the  exact 
wind  velocity. 

For  my  particular  purposes, 
namely;  to  learn  how  to  predict  the 
ocurrence  and  severity  of  diurnal 
warming,'  another  interesting  diffi- 
culty arose  associated  with  the  low 
relative  wind  velocities.  We  were 
moving  at  about  the  same  speed  and 
direction  as  the  clouds.  Thus  it  was 
difficult  to  judge  the  degree  of  cloud 
cover  and  even  harder  to  predict  how 
this  would  change  during  the  next 
few  hours.  If  we  happened  to  be 
under  a  cloudy  area  in  the  morning, 
we  would  remain  with  the  same 
moist  patch  of  air  for  several  hours, 
whereas  the  surrounding  ocean  as  a 
whole  might  experience  very  few 
clouds. 

The  importance  of  the  critical  wind 
velocity  of  12  knots,  first  noticed  by 
A.  C.  Woodcock  and  later  more  ex- 
tensively reported  on  by  W.  Munk, 
was  evident.  As  soon  as  the  wind 
increased  above  this  value  white- 
caps  became  numerous  and  my 
diurnal  warming  prediction  became 
easy. 

While  this  leg  of  the  cruise  was 
primarily  devoted  to  underway  ob- 
servations, we  did  make  some  deep 
hydrographic  stations  so  that  I  had 
the  opportunity  to  witness  the  great 
improvements  in  technique,  instru- 
mentation, and  ship  handling  that 
have  occurred  during  the  last  few 
years. 

••'••  The  'Atlantis   IF  has  steam  engines.    See 
"Our  New  Research  Vessel,"  Vol.  VIII,  No.  4. 
i  The  daily   heating   of  the   sea  surface. 
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Captain    Miller's    boatyard    on    board 
the  'Atlantis  II'. 


St.  Helena  retirement 

We  anchored  off  St.  Helena  for 
about  twelve  hours  so  that  all  hands 
could  have  a  chance  to  stretch  their 
legs  ashore.  Since  I  knew  that  an  old 
friend  of  mine,  who  used  to  work  at 
the  Museum  of  Comparative  Zoology, 
was  living  in  retirement  there,  this 
visit  was  more  than  ordinary  interest 
to  me.  When  the  harbor  master  came 
aboard  at  breakfast  time,  I  asked  him 
to  get  word  to  Arthur  Loveridge  that 
I  would  like  to  show  him  our  new 
ship.  Shortly  after  10  o'clock,  Lover- 
idge made  the  difficult  jump  into  the 
launch  at  the  narrow  and  only  spot 
where  a  landing  by  boat  is  feasible, 
to  be  carried  to  the  'Atlantis  IF. 

He  was  really  not  much  interested 
in  the  ship.  Instead  he  made  it  clear 
that  he  wanted  to  show  me  his  island. 
This,  of  course,  was  wonderful  for  me 
and  we  took  off  in  a  small  car  for  the 
top  of  the  island  where  his  house  and 
lovely  gardens  are  located.  He  and 
his  wife  also  took  me  for  a  long  drive 
over  the  pasturage  land  which  covers 
most  of  the  high  (more  than  2,000 
feet)  top  of  the  island  where  it  is  cool 
and  where  there  is  ample  rainfall. 

To  illustrate  how  a  retired  scientist 
keeps  busy  at  St.  Helena,  one  small 
story  about  my  friend  Loveridge  may 


be  of  interest.  He  has  maintained 
an  extensive  correspondence  with 
Museum  people  all  over  the  world 
and  has  interested  himself  in  identifi- 
cation of  the  flora  and  fauna  of  St. 
Helena  most  of  which  has  been  im- 
ported. About  five  years  ago  a  friend 
of  his  at  the  British  Museum  asked 
for  a  collection  of  bird  nests.  These 
were  carefully  packed  and  shipped 
off  to  London.  There  are  16  species 
nesting  on  the  island.  The  man  mak- 
ing the  request  was  only  interested  in 
the  lice  that  he  hoped  to  find  in  the 
nests.  However,  in  taking  the  nests 
apart  he  found  some  seeds.  These 
were  sent  to  a  botanist  friend  who 
planted  them  and  after  four  years 
had  raised  a  small  tree  that  no  one  in 
England  could  identify.  The  result 
was  that  they  cut  off  a  branch  of  this 
tree  and  sent  it  back  to  St.  Helena  so 
that  Loveridge  could  supply  its  name. 

Fair  winds  usually  are  thought  to 
mean  fair  currents.  The  pilot  chart 
of  the  South  Atlantic  indicated  that 
we  should  expect  half  a  knot  or  better 
all  the  way  to  the  equator.  This  help 
did  not  materialize.  Our  course  car- 
ried us  well  to  the  west  of  the  eastern 
boundary  current  along  the  African 
coast  and  we  crossed  the  Southern 
Equatorial  Current  before  it  could  do 
us  much  good.  As  the  result,  the  fuel 
stop  at  Barbados  came  after  sundown 
and  we  only  remained  at  the  dock 
until  midnight. 

It  would  be  fun  to  race  two  identi- 
cal ships,  one  of  which  hunted  out  the 
fair  currents  and  the  other  of  which 
took  the  shortest  course,  as  we  did. 
I  am  inclined  to  think  that  in  the 
South  Atlantic  we  would  have  won. 

As  we  approached  Woods  Hole  a 
northwest  gale  almost  made  us  miss 
our  arrival  date  which  had  been 
specified  before  the  start  of  the  cruise 
in  early  July.  To  return  with  a  nearly 
new  ship  on  time  after  a  voyage  last- 
ing five  and  a  half  months  and  requir- 
ing 30,000  miles  of  steaming  is  quite 
a  recommendation  for  the  designers, 
the  builders  and  the  crew.  We  have 
a  wonderful  ship  and  the  finest  kind 
of  a  crew! 
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ATLAIMT 


Major  purpose:  To  participate  in  the  International  Indian  Ocean  Expedition 
principally  by  observing  the  circulation  of  the  water  masses  in  the  western 
half  of  the  Indian  Ocean.  Observations  were  also  made  in  the  Atlantic 
Ocean,  the  Mediterranean,  the  Red  Sea  and  the  Arabian  Sea.  In  addition, 
some  shallow  stations  were  occupied  in  Great  Bitter  Lake,  part  of  the 
Suez  Canal. 

Total  miles  steamed:  over  30,000.  De- 
parted Woods  Hole  on  a  hot  July  5th. 
Returned  Woods  Hole,  sheathed  in  ice 
on  December  20,  1963,  at  0130  in  the 
morning.  This  was  not  a  popular 
hour. 

Ports:  Two  or  three  day  stops  were  made  at  Monaco,  Aden,  Bombay, 
Colombo,  Zanzibar,  Port  Victoria  (Seychelles),  Port  Louis  (Mauritius), 
Louren^o  Marques  and  Capetown.  Fueling  stops  of  a  few  hours  were  made 
at  Ceuta  (Spanish  Morocco),  Dar  es  Salaam  (Tanganyaka),  and  Barbados. 
A  short  run  ashore  also  was  made  on  St.  Helena. 

Personnel:  Chief  scientist:  Mr.  A.  R. 
Miller:  Woods  Hole  to  Lourenco 
Marques.  Dr.  Paul  M.  Fye:  Lourenfo 
Marques  to  Capetown.  Dr.  C.  O'D. 
Iselin:  Capetown  to  Woods  Hole.  A 
total  of  41  were  in  the  scientific 
party  at  various  times. 

Twelve  foreign  scientists  took  part  in 
some  phases,  representing  Canada, 
France,  Great  Britain,  Germany, 
Sweden,  Greece,  Egypt  and  Taiwan. 
Ship's  personnel:  Captain  E.  H.  Killer, 
8  officers,  22  crew. 


Data:  227  hydrographic  stations,  surface  to  bottom.  2,454  Bathythermograph 
lowerings,  including  a  detailed  survey  of  the  Agulhas  Current.  Surface 
water  samples  for  salinity  titration  were  also  taken  at  these  hourly 
BT  stations. 

Roughly,  some  6,700  salinities  were 
measured,  4,700  temperatures  read 
and  a  similar  number  of  oxygen 
values  and  samples  drawn  for  analy- 
sis of  nitrate,  nitrite  and  phosphate. 
At  each  of  the  227  hydro  stations  a 
cast  with  ten  van  Dohrn  Bottles  was 
made  for  productivity  studies,  some- 
times vertical  plankton  tows  were 
included. 

Daily  meteorological  observations  included  radio-sonde  flights  and  data  on 
evaporation  and  solar  radiation,  1,800  drift  bottles  were  seeded  in  the 
Mediterranean  in  co-operation  with  the  French,  while  three  stations  were 
occupied  in  the  South  Atlantic  to  obtain  large  volume  water  samples  for 
fission  studies  for  Dr.  R.  Cox  of  the  (British)  National  Institute  of  Oceanog- 
raphy. North  of  Cape  Roque,  Brazil,  9  shallow  stations  were  made  for 
Mr.  W.  G.  Metcalf.  Some  work  was  done  at  various  depths  with  a  pressure 
housed  Geiger  counter  from  the  Museum  at  Monaco. 

Routine  observations:  Continuous 
bottom  recording  with  the  Precision 
Graphic  Recorder.  Net  and  total  solar 
radiation.  Very  Low  Frequency  navi- 
gation observations.  Measurements 
of  the  magnetic  field  with  a  towed 
magnetometer.  Recording  of  visible 
marine  life  and  birds.  Wave  analyses. 


The  Indian  Ocean 


"Bubble" 


Q 


by   P.   TCHERNIA 


I 


N  the  report,  submitted  to  the 
meeting  of  the  SCOR  (Special 
Committee  of  Oceanic  Research)  held 
in  Halifax  in  April  1963, :;:  I  recalled 
how  the  undertaking  of  an  oceano- 
graphic  survey  of  the  Indian  Ocean 
which  is  at  present  being  carried  out, 
was  at  first  considered  as  a  comple- 
ment to  the  IGY  1957-1958. 

This  undertaking  was  then  to  last 
only  one  year  (1961-1962)  and  to  take 
the  form  of  an  "International  Indian 
Ocean  Oceanographic  Year"  combin- 
ing into  a  kind  of  multiple  ship 
survey,  the  means  of  action  of  all  the 
nations  taking  part  in  it.  This  effort, 
intense  but  limited  in  time,  was  to 
be  applied  solely  to  the  study  of  the 
non-permanent  phenomena,  and 
more  specially'  to  those  connected 
with  the  alternating  system  of  the 
monsoon  winds,  since  the  influence 
of  these  winds  can  be  felt  in  that 
ocean  over  the  whole  area  located 
north  of  latitude  15°  south. 

Premature 

Interesting  though  it  was,  owing  to 
the  variable  characteristics  of  the 
oceanic  area  under  consideration,  this 
idea  was  none  the  less  premature.  As 
a  result  of  our  lack  of  authoritative 
knowledge  regarding  this  ocean,  it 
was  as  yet  impossible  for  us  to 
determine  with  precision  the  localiza- 
tion both  in  space  and  in  time  of  the 
joint  operations  to  be  carried  out. 


I.O.C.    Inf.    papers    No.    3  —  Annex 
1963.    P.  Tchernia:  "On  the  coordina- 
tion of  physical  oceanography  operations   in 
the  Indian  Ocean  Expedition." 


It  seems  that  when  the  discussions 
relating  to  the  Indian  Ocean  started, 
very  few  of  those  who  took  part  in 
the  debates  were  actually  conscious 
of  the  extent  of  our  ignorance. 

Revealing  enough  of  this  ignorance 
was  the  fact  that  SVERDRUP  ac- 
knowledged the  temporary  character 
of  the  short  (8  pages)  account  he 
devoted  to  this  ocean  in  Chapter  XV 
of  his  masterly  treatise.  Even  more 
revealing  is  the  record  by  seasons  of 
"the  hydrographic  observations  which 
had  been  made  until  1960,  illustrated 
in  a  striking  manner  by  the  maps 
recently  set  up  by  the  World  Data 
Center  A  for  the  period  extending 
between  1897  and  1961,  which  show 
that  we  do  not  have  any  observation 
concerning  the  summer  period  in  the 
area  located  north  of  latitude  10° 
south. 

The  tight  network  of  systematic 
hydrographic  observations  put  for- 
ward by  Professor  Wiist  in  1959 
would  have  filled  this  gap;  this  was 
an  essential  preliminary  work,  but 
its  fulfillment  appeared  to  many  as 
an  unacceptable  constraint. 

The  scheme  for  a  world-wide 
mobilization  of  all  the  resources  of 
oceanography,  in  favour  of  that 
survey  of  the  Indian  Ocean,  was  even 
fought  against  as  betraying  a  regret- 
table tendency  to  a  subordination  of 
minds.  For  a  few  months  a  short- 
lived and  somewhat  cryptic  publica- 
tion "The  Indian  Ocean  Bubble", 
criticized  sharply  and  sometimes 
very  justly  certain  exaggerations  of 
this  large  scheme  for  the  survey  of 
the  Indian  Ocean. 
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DR.  TCHERNIA,  sous-directeur  au 
Laboratoire  d'Oceanographie  Physique, 
Museum  National  d'Histoire  Naturelle 
a  Paris.  He  is  in  charge  of  the  Inter- 
national co-operation  for  physical 
oceanography  in  the  1. 1. O.K.  A  wonder- 
ful conversationalist,  and  splendid 
ship's  companion,  he  has  taken  part  in 
many  oceanographic  expeditions  in- 
cluding several  cruises  on  the  'Atlantis'. 
As  a  French  Naval  Officer  he  was 
evacuated  at  Dunkirk  and  later  taken 
prisoner  at  Cherbourg.  "The  best  year 
of  my  life":  13  months  in  Scoresby 
Sound  (East  Greenland)  during  the 
1932-33  International  Geophysical  Year. 


New  plan 

By  slow  degrees,  the  plan  for  an 
"International  Indian  Oceanographic 
Year"  gave  place  to  a  plan  for  an 
"International  Indian  Ocean  Expedi- 
tion" (IIOE)  which  was  meant  to 
last  from  1961  to  1965;  and  in  this 
view  each  nation  or  institute  was 
eventually  allowed  full  liberty  to 
elaborate  his  own  scheme  and  to 
carry  out  his  plans. 

The  co-ordination  of  the  various 
undertakings  in  time  and  in  space, 
that  of  the  disciplines  involved  (dy- 
namics, geophysics,  meteorology, 
biology),  the  comparisons  between 
the  techniques  used,  all  these,  al- 
though they  were  frequently  called 
to  mind  in  committee  meetings,  still 
appear  to  have  been  more  the  occa- 
sional results  of  individual  efforts 
rather  than  those  of  a  common 
discipline  freely  accepted  by  all. 

Nevertheless,  since  1959  research 
ships,  belonging  to  the  U.S.S.R.,  Aus- 
tralia, South  Africa,  France,  U.S.A., 
India,  the  United  Kingdom,  Japan, 
etc.  have  been  taking  oceanographi- 
cal  and  meteorological  observations 
in  the  Indian  Ocean.  Since  1959, 
more  hydrographic  stations  have 
been  made  in  the  Indian  Ocean  than 
during  the  previous  sixty  years.  An 
increasing  number  of  oceanographers 
are  acquiring  personal  experience  in 
the  problems  of  this  ocean;  some  of 
the  most  distinguished  specialists  of 
the  oceanic  circulation  are  now  tak- 


ing a  keen  interest  in  the  problems 
of  the  Indian  Ocean. 

Now  the  minds  have  settled  down; 
people  have  come  to  a  better  under- 
standing of  the  requirements  of  the 
study  of  this  ocean  which  had  been 
forlorn  for  so  long.  It  appears  clearly 
that  a  better  basic  acquaintance  with 
the  hydrologic  structure  of  the  equa- 
torial region  would  have  spared 
J.  Knauss  the  "mistake"  he  made, 
according  to  H.  Stommel, '  in  the 
conception  of  his  first  plan  for  an 
investigation  of  the  so-called  "Crom- 
well Current",  in  the  Indian  Ocean. 

It  may  happen  that,  with  other 
"bubbles",  far  more  overwhelming, 
such  as  those  impending  at  present 
to  oceanographers  (GSF),  the  sur- 
vey of  the  Indian  Ocean  will  now  be 
considered  as  a  rather  harmless 
undertaking. 

Balance  sheet 

However,  it  is  clear  that  the  work 
now  in  progress  will  be  nothing  else 
than  a  preliminary  phase.  By  1965, 
it  will  be  suitable  to  sum  up  its 
achievements,  to  add,  by  way  of 
complements,  some  systematic  ob- 
servations which  will  appear  still 
essential,  and  to  draw  out  the  syn- 
thesis of  all  our  attainments.  It  is 
only  when  we  have  established  this 
balance  sheet  that  we  will  be  able  to 
define  the  problems  of  general  inter- 
est which  the  special  conditions  in 
the  Indian  Ocean  will  enable  us  to 
tackle  more  easily,  and  with  more 
chances  of  success  there  than  in  any 
other  oceanic  region. 

For  the  aim  of  our  efforts  in 
physical  oceanography  is  not  to 
promote  international  co-operation 
as  such,  not  to  work  by  co-operation 
for  co-operation,  but  to  improve  our 
understanding  of  the  structure  and 
of  the  dynamics  of  the  world  ocean. 


With  a  few  small  exceptions,  we 
have  made  no  attempt  to  interfere 
with  the  author's  charming  style. 

(Ed.) 

i  H.  Stommel,  "Variety  of  Oceanographic 
Experience",  Science  Vol.  139  no.  3555, 
15  Feb.  1963. 
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With 
"DISCOVERY" 

in  the 
INDIAN   OCEAN 

by  G.  E.  R.  DEACON 

A  ZONE  OF  RICH  PRODUCTIVITY  OFF 
THE  ARABIAN  COAST,  ROCKS  FROM 
THE  CARLSBERG  RIDGE  AND  A  NON- 
MAGNETIC SEAMOUNT  WERE  FOUND 
ON  THE  'DISCOVERY'S'  MAIDEN 
CRUISE. 


SAUDI 


ARA 


SOCOTRA I 


LACCAD 
It. 


--  v 


J> 


o 


&i 


KENYA 


o- 


^TANGANYIKA?' 


ZANZIBAR 


SEYCHELLES  It 

AMIRANTE    I* 


ALDASRA  I 


PROVIDENCE   I. 
•CERF  I 


4   COMORES 
.    4 


MASCA RENE 

MAURITIUS  I. 


CARGADOS 

CARAJOS  It 

ISLANDS 

RODRIGUEZ    I. 


UNION 
SOUTH    AFRICA^ 


HE  NEW  Royal  Research  Ship 
'Discovery'  the  third  ship  to  carry 
the  name,  was  built  in  Aberdeen.  She 
was  launched  on  3  July  1962  and  left 
the  shipyard  on  18  December  for 
Plymouth.  During  the  first  month 
she  was  used  by  the  British  Ship 
Research  Association  for  research  on 
ship  behavior,  including  studies  of 
vibration  with  four  and  five-blade 
propellers.  She  then  visited  London 
for  inspection  by  the  National  Ocean- 
ographic  Council  and  other  bodies.  A 
good  deal  of  time  was  spent  for 
alterations,  additions  and  establish- 
ing working  routines  before  the  ship 
sailed  on  1  June  1963  to  study  the 
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O  region  of  upwelling  off  the  coast  of 
*:    Arabia. 
* 

^     Work  started  in  the  Red  Sea  with 

some  mid-water  trawling  at  800 
meters  which  showed  the  fauna  to  be 
most  unusual  in  that  there  appeared 
to  be  a  complete  absence  of  the 
normal  bathypelagic  organisms  found 
at  comparable  depths  in  the  open 
ocean.  The  temperature  at  1,000 
meters  was  over  21  °C.*  An  extensive 
bloom  of  Trichodesmium  erythraeum 
was  sampled.  (This  is  the  micro- 
scopic algae 'which  when  blooming  in 
enormous  quantities  makes  the  Red 
Sea  appear  red.)  The  ship  was 

*  Equivalent  to  69.8  F.  At  similar  depth 
and  latitude  in  the  Atlantic  one  finds  a 
temperature  of  about  5°C.  (41  F.) 

In  1958  the  'Atlantis'  found  a  high  tem- 
perature of  25°C.  (77  F.)  in  a  deep  hole  at 
the  waist  of  the  Red  Sea.  This  was  con- 
firmed by  the  'Atlantis  II'  together  with  the 
extreme  salinity  of  43  o/oo. 


5O° 


60° 


80 


120° 


N    D    I    A 


diverted  to  rthe  island  of  Abu  Ali  to 
pick  up  an  injured  lighthouse  keeper. 
There  seemed  to  be  not  much  wrong 
with  him  except  that  his  friends  had 
bandaged  him  too  tight,  but  to  be 
quite  safe  he  was  taken  to  Aden. 

After  Aden  it  was  planned  to  make 
six  lines  of  hydrographic  stations 
200  miles  long  normal  to  the  Arabian 
coast  with  stations  10  miles  apart 
near  the  coast  and  30  miles  apart  in 
deep  water.  The  plan  had  to  be  ab- 
breviated owing  to  bad  weather  and 
another  distress  call,  but  most  of  the 
work  was  done  and  a  few  extra 
current  measurements  were  fitted  in. 
The  next  stop  was  Karachi  where 
many  interesting  people  were  met, 
the  local  sights  and  food  were  en- 
joyed and  a  lot  of  difficulty  with 
stores  and  mail  was  encountered. 
Returning  to  the  coast  of  Arabia 
another  few  days  were  lost  through 
having  to  take  a  sick  man  to  Aden. 
During  the  full-speed  dash  they  held 
radio  communication  with  the  'At- 
lantis II'  but  could  not  stop. 

Current  Measurements 

Current  shear  was  measured  with 
two  Kelvin  Hughes  Direct  Reading 
Meters,  one  below  the  other,  and  the 
readings  were  converted  to  absolute 
measurements  when  radar  fixing  was 
possible.  Surface  drogues  were  fol- 
lowed and  six  neutrally  buoyant 
floats1  tracked  at  depths  of  75  to  360 
meters  for  periods  up  to  65  hours. 
The  surface  current  was  predomi- 
nantly to  the  northeast  and  generally 
had  an  offshore  component.  At 
depths  of  about  100  meters  near  the 
continental  slope  there  was  clear  evi- 
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dence    of    a    movement    toward    the 
coast.      Rough     calculations     suggest 
that    the    vertical    movement    in    the 
regions    of   most    intense    upwelling21 
may  be  as  much  as  four  meters  a  day.  J 
This  agreed  fairly  well  with  measure- S 
ments    of    radiation    falling    on    the 
surface  and  the  rise  of  temperature  £ 
away    from    the    coast.     The    closely 
spaced  observations  show  great  com- 
plexity in  detail:  as  Fuglister  finds  in 
the  Gulf  Stream,   there  is   consider- 
able    ambiguity    in    contouring    the 
observations,    especially    the    salinity 
data. 

Antarctic   Intermediate   water   was 
found  in  August  at  the  International 
Reference  Station   12  in  the  Gulf  of::'/ 
Aden.   Deep  water  from  the  Red  Sea 
was  evident  at  the  same  station  bu 
the  deep  water  along  the  continental  s 
slope    south    of    Arabia    appeared    to  £ 
come  from  the  Persian   Gulf;   meas- 
urements  at   200   meters    and   below . 
showed    a    predominantly    southwest  %. 
trend. 

In  July,  a  bloom  of  Trichodesmium 
was  found  lying  in  a  long  line  down- 
wind. Dye  markers  were  placed  near 
the  line  from  a  rubber  dinghy.  Re- 
leased about  50  meters  on  either  side 
of  the  patch,  the  dye  showed  that  the 
surface  water  was  converging  into 
the  lane  at  a  rate  of  about  three 
centimeters  per  second  with  less  than 
1  cm/sec,  shear  in  the  downwind 
direction  of  the  lane. 

1  See:  "The  Finger",  Oceanus,  Vol.  V,  Nos. 
3  &  4. 

2  Upwelling   takes   place   in   regions   where 
prevailing   offshore   winds   drive   the   surface 
water     away     which     is     then     replaced     by 
deeper,    nutrient    rich    waters.     Such    areas 
generally  are  rich  fishing  grounds. 
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Discovery 

The  richest  amounts  of  phytoplank- 
ton  was  found  near  the  Arabian  coast, 
particularly  between  the  surface  and 
20  meters.  The  greatest  concentra- 
tion measured  was  6,400  cells  per 
liter.3  Surface  concentrations  200 
miles  offshore  were  about  3,500  cells 
per  liter.  Rates  of  growth  and  photo- 
synthesis were  measured  and  various 
size  plankton  nets,  including  the 
Indian  Ocean  Standard  Net  were 
hauled  vertically  from  various  depths. 
Chlorophyll  measurements  were 
made  at  the  surface  and  at  20  meter 
intervals  down  to  100  meters.  The 
greatest  concentrations  of  zooplank- 
ton  were  on  the  Continental  Shelf, 
but  the  total  amount  in  the  upper 
100  meters  was  greatest  in  deep 
water  just  off  the  edge  of  the  Shelf. 
A  new  net  mounted  on  waterskis 
designed  to  skim  the  sea  surface  and 
sample  the  first  10  centimeters  was 
frequently  used  at  a  speed  of  about 
five  knots.  It  caught  substantial 
numbers  of  larvae  (which  appear  to 
be  tuna  larvae)  and  small  fish,  in- 
cluding flying  fish.  (In  the  Mediter- 
ranean Sea  the  catches  were  usually 
spoilt  by  fuel-oil  pollution.)  Bottom 
sampling  was  done  with  a  grab. 

No  hydrogen  sulphide  was  found 
in  the  oxygen-minimum  layer  or  on 
the  bottom,  presumably  because  the 
work  was  done  at  the  height  of  the 
southwest  monsoon,  before  there  was 
time  for  the  after  effects  which  might 
be  expected  when  the  high  produc- 
tivity can  no  longer  be  maintained. 
Anaerobic  bacteria  were  present  at 
one  inshore  station  only,  and  not 
obviously  related  to  the  oxygen  mini- 
mum layer.  The  aerobic  bacteria 
were  correlated  roughly  with  abun- 
dance of  zooplankton.  One  of  the 
most  obvious  features  of  the  chemical 
analyses  was  a  constant  phosphorous/ 
nitrogen  ratio  in  the  deep  water.  The 
principal  nutrients  were  measured 
throughout  the  work  and  some 
special  work  was  done  on  the  nitro- 
gen cycle,  trace  metals  and  dissolved 
organic  substances. 

3  This  is  a  very  high  productivity,  and 
might  be  called  the  "porridge"  of  the  ocean. 
(Ed.) 


DR.  DEACON  is  Director  of  the  Na- 
tional Institute  of  Oceanography  at 
Wormley,  Sussex,  Great  Britain. 


The  'Discovery'  carried  sound- 
ranging  equipment  with  frequencies 
of  10,  36  and  54  kilocycles  per  second 
and  different  pulse  lengths  and  beam 
angles.  There  was  evidence  of  small 
fish  causing  scattering  layers,  and 
numerous  dense  echoes  from  what 
appeared  to  be  moderate-sized  fish  at 
about  250  meters.  It  will  take  a  long 
time  to  analyze  these  records. 

An  experienced  ornithologist  also 
was  on  board,  whose  main  aim  it  was 
to  define  the  quantitative  as  well 
as  qualitative  distribution  of  birds  in 
the  area  and  to  study  its  relation  to 
the  available  food  in  the  surface 
water.  The  largest  concentrations 
seemed  to  correspond  with  the  areas 
of  particularly  cold  water.  A  few 
rare  specimens  were  collected.  There 
was  also  a  fairly  large  entomological 
collection  —  some  four  or  five  hun- 
dred insects  of  various  orders  being 
catalogued  and  mounted. 

Geophysics 

At  Aden  on  20  August,  most  of  the 
scientific  staff  changed  over  and 
thirteen  geophysicists  came  on  board. 
The  next  part  of  the  work  was  a 
detailed  topographical,  geological, 
seismic  and  magnetic  investigation  of 
the  Carlsberg  Ridge.  Many  bottom 
photographs  were  taken.  Fewer  rocks 
were  obtained  than  had  been  hoped 
because  they  were  difficult  to  get  up. 
They  appear  most  interesting  and  are 
being  studied  at  Cambridge.  A  sec- 
tion of  measurements  of  heat  flow 
through  the  bottom  on  the  Carlsberg 
Ridge  did  not  show  the  expected  high 
values,  as  found  on  other  ridges  in 
the  Atlantic  and  Pacific  Oceans. 

A  study  of  the  crustal  structure 
between  the  African  coast  and  the 
Seychelles4  was  made  with  long  and 
short  seismic  refraction  studies  at 
seven  points  along  this  line.  The 
long  range  shots  of  explosives  were 
made  with  the  help  of  H.M.S.  'Owen' 
at  ranges  up  to  60  miles.  The  pre- 

4  See:  "A  Rocky  Puzzle",  in  this  issue, 
Page  24. 
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The  R.R.S.  'D/'scovery'  close  by  the  'Atlantis  II'. 


liminary  analysis  confirms  earlier 
impressions  that  there  is  a  great 
thickness  of  sedimentary  material  on 
the  African  side  of  the  western  basin, 
and  that  the  underlying  crust  is  not 
typically  oceanic. 

Seismic  profiles  were  run  northeast 
and  south  of  the  Seychelles  Bank, 
and  one  profile  also  was  made  across 
the  Bank.  In  shallow  water,  the 
range  between  the  explosion  and  the 
receiving  ship  cannot  be  measured 
by  the  usual  deep  water  method  by 
measuring  the  travel  time  direct 
from  the  explosion  to  the  receiving 
hydrophone.  Across  the  Bank  the 
ranging  was  made  possible  by  H.M.S. 
'Owen'  using  the  taut-wire  method 
of  surveyors.  More  than  100  miles  of 
thin  piano  wire  was  reeled  out  over 
the  stern  of  the  'Owen'  to  measure 
the  distances  between  the  ships.  It 
was  found  that  there  seemed  to  be 
little  or  no  soft  mud  or  sedimentary 
rock  on  the  Seychelles  Bank;  it  ap- 
peared that  the  bulk  was  made  from 
granite-like  rock. 

Seamounts 

Two  seamount  surveys  were  made. 
The  first,  south  of  the  Seychelles, 
was  chosen  because  its  size  and  isola- 
tion offered  unique  conditions  for 
studying  the  magnetic  anomaly 
associated  with  a  well-defined  feature 
of  simple  shape.  The  second,  on  the 
Carlsberg  Ridge,  southeast  of  Socotra, 


was  non-magnetic.  It  rises  from  2,500 
fathoms  and  has  a  remarkably  flat 
top  15  miles  long  and  5  miles  wide, 
with  a  depth  of  230  fathoms.  The 
seamount  is  being  swept  by  strong 
currents  which  have  produced  sand 
waves  that  made  dredging  difficult. 
Some  hard  limestone  was  dredged. 
Seismic  refraction  studies  were  made 
on  the  flat  top. 

The  voyage  ended  with  heat  flow 
measurements  through  the  floor  of 
the  Red  Sea,  and  the  ship  returned 
to  Plymouth  on  4  December.  During 
the  voyage  she  had  spent  163  days  at 
sea  and  24  in  port  and  had  covered 
28,000  miles.  During  the  southwest 
monsoon  the  wind  was  rarely  less 
than  Force  5  (16-20  miles  per  hour) 
and  sometimes  work  had  to  be  car- 
ried on  in  Force  8  to  9  (34-47  miles 
per  hour). 

The  geophysicists  did  some  bio- 
logical work,  they  brought  back  four 
hermit  crabs  fed  on  toast  and 
marmalade. 

At  this  time  the  'Discovery'  has 
departed  Plymouth  for  another  sur- 
vey in  the  Indian  Ocean  and  is 
expected  to  return  on  28  September 
1964.  During  August,  hydrographic 
stations  and  current  measurements 
will  be  made  in  the  Somali  Current 
in  co-operation  with  the  R.V.  'Argo' 
of  the  Scripps  Institution  of  Ocean- 
ography. 
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New  Submarine  Canyons 

Found  Off  the  Indian  Coast 


by  E.  C.  LaFOND 


Several  new  canyons  were  found  off  India  and  in  the  spirit 
of   international    co-operation    were    given    Indian    names. 


A: 


.S  a  by-product  of  the  U.S.  Program 
in  Biology  the  R.V.  'Anton  Bruun'  of 
the  National  Science  Foundation" 
measured  the  topography  and  sam- 
pled bottom  sediments  during  Cruise 
One,  (12  March  to  10  May,  1963)  and 
found  several  new  submarine  canyons 
along  the  central  east  coast  of  India. 
The  ship  was  sailing  on  a  course  of 
234°  T.  and  converging  on  the  edge 
of  the  continental  shelf  off  the  Andrha 
Pradash  coastal  region  at  an  angle  of 
about  5°.  At  this  point  the  bottom 
topography  was  mountainous.  The 
accompanying  profile  shows  major 
canyons  three  to  four  miles  apart  all 
along  the  track,  and  even  the  slopes 
of  larger  canyons  appear  to  contain 
small  contributaries.  As  the  profile 
becomes  shallower  around  1,000 
meters  on  the  left  side  of  the  figure, 
another  small  canyon  was  crossed, 
^his  may  signify  a  crossing  nearer  the 
head  of  the  larger  canyon.  There 
ere  still  other  canyons  present  in 
th  directions  from  this  section. 

?he  most  northerly  canyon,  marked 
Krishna  Canyon,  on  the  right  in  the 
bathygram  lies  between  ridges  830  to 


900  meters  deep.  The  crest  on  the 
north  side  is  broader  and  flatter  than 
others  and  is  composed  of  three 
rounded  crests  with  what  appears  to 
be  small  tributaries  between  them. 
The  floor  of  the  large  canyon  is  1180 
meters  deep  at  this  crossing.  The 
north  slope  is  less  steep  than  the 
southern  one,  and  appears  to  be  com- 
posed of  harder  material  than  the 
other,  particularly  at  the  deepest  part. 

Toward  the  south  we  found  a  nar- 
row, V-shaped  canyon,  now  named 
Mahadevan  Canyon,  where  the  sides 
are  steep  and  about  one  to  five  in 
slope.  The  narrow,  flat  floor  is  about 
400  meters  wide  and  judging  from  the 
strong  echo,  probably  compacted  or 
composed  of  coarse  material.  The 
crests  of  the  ridges,  on  either  side  are 
at  a  depth  of  850  and  900  meters;  the 
floor  depth  is  at  1370  meters. 

The  next  large  canyon  has  been 
named  Andhra  Canyon.  The  crests 
on  either  side  on  this  crossing  are  at 
about  800  meters  and  the  trough  at 
1300  meters.  The  base  of  the  canyon 
is  lower  toward  the  north  and  is 
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DR.  LaFOND  of  the  U.S.  Navy  Elec- 
tronics Laboratory  at  San  Diego,  was 
Chief  scientist  on  Cruise  One  of  the 
'Anton  Bruun'.  Prior  to  the  cruise, 
together  with  Mrs.  LaFond,  he  visited 
and  lectured  widely  at  Indian  Uni- 
versities. 


flatter  than  other  canyons  nearby. 
The  stronger  return  signal  indicates 
that  the  sea  floor  is  harder  at  this 
point.  The  north  and  south  sides  of 
the  canyon  are  nearly  of  equal  steep- 
ness and  similar  to  all  the  canyons  in 
this  area. 

After  the  investigation  it  was  de- 
cided to  select  names  to  identify  the 
canyons.  Andhra  Canyon  was  named 
after  Andhra  University  since  it  was 
at  this  institution  that  modern  Indian 
oceanography  began.  Mahadevan 
Canyon  was  named  after  the  late 
Professor  C.  Mahadevan,  the  inter- 
nationally acclaimed  Indian  geologist 
who  was  Principal  of  Andhra  Uni- 
versity. Krishna  Canyon  was  named 
after  the  late  Vice  Chancellor  of 
Andhra  University  who  had  been 
instrumental  in  providing  facilities 
and  inspiration  to  marine  science 
in  India.  The  other  small  canyons 
have  not  yet  been  named.  The  V- 
shaped  depressions  that  have  been 
identified  as  canyons  need  more  sur- 
veying to  delineate  their  character- 
istics. 


The  'Anton  Bruun'  (named  for  the 
distinguished  Danish  scientist  who 
did  so  much  to  start  the  International 
Program)  has  been  in  the  Indian 
Ocean  for  about  one  year  now,  to 
carry  out  the  U.S.  Biological  Program. 
Many  scientists  from  many  U.S.  and 
foreign  organizations  have  so  far 
taken  part  in  cruises  on  board  the 
ship.  One  of  the  goals  is  to  acquire 
knowledge  for  the  development  of 
the  marine  resources  of  Southeast 
Asia  for  the  benefit  of  the  expanding 
populations  in  that  area.  The  program 
included  investigation  of  the  winds 
and  the  radiant  energy;  the  circula- 
tion of  the  water  masses,  especially 
upwelling;  the  distribution  of  plant 
nutrients;  and  the  study  of  the  life 
cycle  from  microscopic  plants  to 
zooplankton  to  harvestable  fish, 
prawns,  etc.  The  data  from  these 
phases  are  awaiting  analysis  by 
experts  in  the  various  disciplines 
covered  by  the  program. 

So  many  bottles  have  been  filled 
with  specimen,  so  many  papers  have 
been  filled  with  figures,  so  many  data 
have  to  be  reduced  and  analyzed  by 
many  experts  that  it  will  take  quite 
a  while  before  this  work  has  been 
done.  Preliminary  examination,  how- 
ever, shows  that  the  work  in  general 
has  been  quite  successful. 


*See:  "Bound  For  New  Careers,"  Vol.  VIII, 
No.  4 
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'NE  of  the  determining  factors  to  select  the  Indian  Ocean 
for  international  attention  is  the  fact  that  this  is  one  of  the 
most  fertile  oceans.  Yet,  it  is  surrounded  by  millions  of  people 
many  of  whom  are  underfed.  The  exploration  and  develop- 
ment of  marine  resources  in  the  Indian  Ocean  could  be  of  great 
material  benefit  to  the  health  and  economy  of  these  peoples. 

There  are  many  questions  to  be  answered: 

What  organisms  are  found  in  the  Indian  Ocean  —  from 
microscopic  plankton  to  large  fish,  mammals,  seaweeds,  etc.? 

What  is  the  seasonal  distribution  and  the  abundance  of 
the  marine  life? 

What  is  the  productivity  of  these  organisms? 

How  serious  is  the  mass  mortality  of  fish,  reported  by 
various  vessels  who  have  seen  miles  and  miles  of  dead  fish? 

These  and  many  more  questions  are  being  sought.  As  a 
great  aid  in  this  program  the  U.S.  National  Science  Founda- 
tion converted  the  former  presidential  yacht  'Williamsburg' 
into  an  oceanographic  vessel.  The  ship  was  renamed  the 
'Anton  Bruun'  in  honor  of  the  late  Danish  scientist  who 
worked  so  hard  to  make  the  international  program  possible. 
Operated  by  the  Alpine  Geophysical  Associates,  Inc.  and 
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uncler  the  leadership  of  Dr.  John  H.  Ryther  of  our  Institution, 
the  'Anton  Bruun'  serves  as  a  kind  of  national  facility  for 
biologists  from  many  universities,  institutions  and  federal 
organizations.  In  addition  to  the  permanent  staff  of  eight, 
there  is  room  for  many  other  investigators,  U.S.  as  well  as 
foreign.  In  cruise  #1,  for  instance,  there  were  20  American 
scientists  and  25  from  Indian  and  Thailand,  at  one  time 
or  another. 

The  234  foot  vessel  has  been  in  the  Indian  Ocean  since 
January  1963,  using  Bombay  as  headquarters.  Presently,  she 
is  on  cruise  #5  and  will  make  a  total  of  nine  cruises  before 
having  to  be  overhauled  in  December  1964. 

As  there  is  a  great  deal  of  interest  in  the  making  of  collec- 
tions and  observations  on  and  near  the  many  island  groups 
and  in  shallow  water  the  135  foot  schooner  'Te  Vega'  of 
Stanford  University  also  is  operating  in  the  Indian  Ocean 
from  October  1963  to  September  1964.  Other  biologists  are 
engaged  at  shore  laboratories  at  Nossi  Be,  Madagascar  and 
Mandapan  Camp,  India. 

The  biological  collections  are  divided  in  several  ways:  by 
prior  arrangement  participating  biologists  take  some  speci- 
men back  to  their  own  headquarters,  the  rest  goes  to  the 
international  collecting  centers  at  Cochin,  India  and  at  the 
U.S.  National  Museum  where  the  collections  are  classified  and 
sorted  and  then  distributed  to  specialists  for  study. 
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A  Rocky  Puzzle 


by  C.  BOWIN 


rock  found  on  the  Seyche//es  Island,  700  mi'/es 
'Chain'     has    left    to     help    solve     this    puzzle. 


T< 


O  TRAVEL  over  two-thirds  the 
distance  to  the  other  side  of  the  earth 
at  ten  miles  per  hour  is  a  long  trip. 
Such  a  trip  has  started  for  the  R.V. 
'Chain'  which  left  in  mid-February  to 
embark  on  a  program  of  geophysical 
studies  relating  to  the  International 
Indian  Ocean  Expedition.  The  dis- 
tant target  is  a  group  of  small  islands 
called  the  Seychelles  in  the  western 
Indian  Ocean. 

Our  interest  in  the  Seychelles  stems 
not  from  the  charm  of  these  isolated 
tropical  islands,  but  from  the  rocks 
that  compose  them.  What  kind  of 
rock  is  it  that  draws  scientists  with  a 
shipload  of  equipment  such  a  distance 
around  the  earth?  The  answer  is 
granite,  common  ordinary  granite, 
the  same  type  of  rock  as  that  obtained 
from  the  famous  quarries  in  New 
England,  or  from  Norway,  or  Brazil, 
or  Australia,  or  China,  or  the  Hebri- 
ies,  or  any  of  hundreds  of  places 
throughout  the  world.  If  granite  is 
so  common  and  plentiful,  why  then 
to  the  Seychelles?  The  reader 
will  have  noticed  that  the  localities 
mentioned  above  are  parts  of  conti- 
nental land  masses.  Although  a  few 


other  islands  in  the  world,  such  as 
Madagascar  and  Japan  have  granite 
exposed  on  them,  these  islands  are 
closer  to  continents  and  are  separated 
by  water  no  deeper  than  1,000  fath- 
oms. The  Seychelles,  a  group  of  34 
islands  and  58  rocks,  are  over  700 
miles  from  Africa,  the  nearest  con- 
tinent. The  islands  rise  from  a 
shallow  bank  about  30  fathoms  deep 
which  extends  over  an  area  of  about 
12,000  square  miles  and  is  surrounded 
by  water  over  2,000  fathoms  deep. 
And  yet,  intriguingly  the  islands  are 
underlain  by  hornblende-biotite  gran- 
ite a  rock  type  which  has  come  to  be 
associated  with  the  development  of 
continental  land  masses.  Samples  of 
the  Seychelles  granite  have  been 
dated  by  Potassium-Argon  methods 
to  be  about  600  million  years  old. 
Remote,  old,  and  underlain  by  granite 
the  Seychelles  are  unique. 

Do  the  islands  represent  a  fragment 
torn  from  Madagascar,  Africa  or  some 
other  large  continental  land  mass 
during  a  process  of  continental  drift? 
The  concept  of  continental  drift  was 
expounded  by  Wegener  in  1912  on  the 
basis  of  the  apparent  fit  of  the  east 
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DR.  BOWIN  is  a  Research  Associate 
in  Geology  on  our  staff.  He  is  in 
charge  of  the  gravity  at  sea  program. 


coast  of  South  America  with  the  west 
coast  of  Africa,  and  from  geological 
and  a  paleontological  evidence  avail- 
able at  the  time.  The  "Wegener 
theory"  has  been  held  in  disfavor  in 
the  United  States,  but  recently  has 
obtained  renewed  interest  mainly 
owing  to  the  results  of  paleomagnetic 
studies.  On  the  other  hand,  is  it 
possible  that  the  islands  represent  an 
embryonic  continent  arrested  in  its 
development  for  unknown  reasons? 
If  this  is  the  case,  valuable  clues  con- 
cerning the  origin  of  continents  may 
be  present  within  the  island  group. 

Name  selection 

We  do  not  expect  the  present 
'Chain'  cruise  to  solve  the  riddle  of 
the  Seychelles,  but  we  do  hope  to 
make  strides  toward  defining  the 
extent  of  the  underlying  granite,  the 
structure  of  the  island  group,  and  its 
relationships  with  the  surrounding 


ocean  basins,  ridges,  trenches  and 
volcanic  islands.  To  accomplish  this 
goal  we  plan  to  conduct  continuous 
underway  measurements  of  the  earth's 
gravity  and  magnetic  fields,  chart  the 
bottom  profile  by  precision  echo- 
sounding,  and  the  sub-bottom  by 
seismic  profiling  with  a  sparker  or 
boomer.  We  shall  also  determine  the 
temperature  structure  of  the  near- 
surface  water  column  by  continuous 
temperature  recording  with  the  ther- 
mistor chain.*  At  selected  sites  we  shall 
measure  the  heat  flow  coming  from 
the  earth's  interior,  with  probes  in 
the  bottom  sediments,  take  sediment 
cores  with  gravity  and  piston  .coring 
apparatus,  do  rock  dredging,  take 
bottom  photographs,  do  oblique  reflec- 
tion investigations  and  measure  the 
speed  of  sound  by  lowerings  of  the 
velocimeter.  A  sophisticated  ship- 
board data  processing  system  will 
assist  us  in  sampling,  recording,  com- 
puting, and  tabulating  the  results  of 
our  investigations. 

We  are  not  going  to  sit  on  deck- 
chairs  until  we  arrive  near  the  Sey- 
chelles. Programs  are  planned  for 
the  Mediterranean  Sea,  the  Red  Sea, 
the  Gulf  of  Aden  and  the  Somali 
Abyssal  Plain,  as  well  as  studies  of  a 
trench,  deeper  than  3,000  fathoms, 
east  of  the  Seychelles  and  investiga- 
tion of  the  area  between  the  Sey- 
chelles, Mauritius  and  Madagascar. 
Finally,  the  two  Atlantic  Ocean  cross- 
ings will  be  used  to  supplement  our 
long  continuing  investigations  of  this 
ocean  at  our  doorstep. 

*See:  "Oceanus  Goes  to  the  Bottom  of  the 
Sea",  Vol.  V,  Nos.  1  &  2.  "Instruments  and 
Methods",  Vol.  VII,  No.  1. 
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by  P.  TCHERNIA 


N.W.  Region:  This  consists  mainly 
of  the  Arabian  Sea  and  its  two  an- 
nexes, i.e.  the  Red  Sea  and  the  Per- 
sian Gulf.  It  is  the  key  region  of  the 
Indian  Ocean  in  which  water  masses 
are  formed  which  are  a  feature  of 
the  hydrological  structure  and  the 
influence  of  which  can  be  noticed  far 
away  to  the  south  and  to  the  east.  It 
is  also  the  region  which  is  most 
strongly  influenced  by  the  monsoon. 
The  strong,  steady  and  long  lasting 
summer  monsoon  winds  blowing 
from  the  S.W.  across  this  semi- 
circular basin  with  its  steep  shores 
not  only  make  the  sea  extremely 
agitated  and  rough  but  also  give  rise 
to  a  seasonal  powerful  western 
boundary  current  which,  passing 
along  the  Somalia  coast  and  Southern 
Arabia  on  its  left,  produces  strong 
upwelling. 

Rough  weather 

Summer  monsoon  sea  conditions 
are  such  that  all  oceanographic  ships 
had,  until  recent  years,  taken  great 
care  to  avoid  that  region.  Conse- 
quently, although  summer  is  from 
many  points  of  view,  the  crucial 
period  for  the  region,  we  had  no 
research  data  either  for  the  hydro- 
logical  structure  and  its  variations  or 
for  the  study  of  the  dynamics  of  the 
seasonal  western  boundary  current. 

As  I  had  only  opportunities,  in  the 
past,  to  work  in  this  region  in  May 
and  November,  i.e.  in  inter-monsoon 
periods,  I  considered  it  necessary  to 
go  there  and  find  out  how  things  are 
going  in  summer.  Therefore,  I  par- 
ticipated in  the  cruise  of  the  'Atlantis 
II'  between  Aden  and  Bombay  in 
August  1963  and  came  back  with  the 
simple  conclusion  that  only  powerful 
ships  equipped  with  the  most  up-to- 
date  technical  improvements  can 
expect  to  carry  out  systematic  work 
in  that  region  in  summer. 


Mention  should  be  made  also  of  the 
work  carried  out  by  the  'Robert 
Giraud'  in  the  Gulf  of  Aden  and,  in 
the  Red  Sea  in  December  1962  and 
January  '63  and  the  systematic  work 
carried  out  at  different  times  of  the 
year  by  Indian  frigates  in  the 
Bombay-Laccadive-Maldive  region 
down  to  the  Equator  (see  IIOE  Inf. 
paper  No.  4,  Annex  III,  p.  3). 

S.W.  Region:  The  area  of  the  Mo- 
zambique Channel  was  investigated 
by  the  'Robert  Giraud'  in  July,  Au- 
gust and  September  1960  and  1961. 
The  area  off  the  East  coast  of  South 
Africa  is  being  studied  by  cruises  on 
the  'Natal'  and  'Africana',  which 
have  been  taking  place  regularly  at 
different  times  of  the  year  since  1962. 

N.E.  Region:  After  her  31st  (Sep- 
tember '59  to  March  '60)  and  33rd 
(October  '60  to  March  '61)  cruises, 
which  were  devoted  to  observations 
in  the  northeast  and  northwest  re- 
gions of  the  Indian  Ocean,  the  Rus- 
sian 'Vityaz'  carried  out  her  35th 
cruise  during  the  summer  monsoon 
period  (June  to  November  '62).  A 
report  will  be  found  in  IIOE  Inf. 
paper  No.  4  (pp.  4-8  and  map.  Annex 
III  p.  I).  Towards  the  west,  this 
cruise  did  not  go  beyond  the  merid- 
ian marking  the  extremity  of  the 
Indian  peninsula,  while  on  the  south- 
east it  extended  to  Freemantle  (lati- 
tude about  32°S.). 

The  axes  of  78°E.  and  94°E.  cov- 
ered by  the  'Vityaz'  in  summer  1962 
were  from  7°  SON.  to  25°S.  and  from 
5°N.  to  20°S.,  re-observed  by  the 
Japanese  ships  'Umitaka  Maru'  and 
'Kojo  Maru'  in  the  winter  of  1962-63. 

S.E.  Region:  Since  the  summer  of 
1960,  on  the  instigation  of  G.  Hum- 
phrey, Australia  has  been  carrying 
out  regular  observations  in  the  S.E. 
region  of  the  Indian  Ocean.  The 
main  axis  of  this  activity  is  on  the 
line  110°E.  between  32°S.  and  10°S., 
but  cruises  at  the  two  main  seasons 
have  been  carried  out  in  the  region 
between  Northern  Australia  and 
Indonesia  and  in  the  Great  Austra- 
lian Bight. 
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Equatorial  undercurrent 

Equatorial  Region:  Mention  must 
still  be  made  of  an  activity  which 
covers  the  northeast  and  northwest 
quadrants,  the  purpose  of  which  is 
to  explore  more  thoroughly  the  equa- 
torial zone  of  the  Indian  Ocean  in 
order  to  find  the  equatorial  under- 
current discovered  by  Cromwell  in 
the  Pacific  which  has  also  been 
traced  in  the  Atlantic. 

This  project  was  conceived  and 
carried  out  on  board  the  'Argo'  of  the 
Scripps  Institution  by  two  experts 
who  -have  studied  the  Cromwell  Cur- 
rent in  the  Pacific:  J.  Knauss  and 
B.  Taft.  It  consisted  of  a  southwest 
monsoon  cruise  (June  to  September 
1962)  and  a  northwest  monsoon 
cruise  (January  to  September  '62). 
During  the  southwest  monsoon,  noth- 
ing similar  to  the  Pacific  undercur- 
rent was  discovered.  During  the 
northeast  monsoon,  only  a  very  weak 
current  was  discovered,  not  any- 
where as  marked  and  constant  as 
those  in  the  Pacific  and  Atlantic. 

It  is  not  yet  possible  to  add  the 
total  of  the  hydrographic  stations 
occupied  by  ships  participating  in  the 
IIOE  since  January  1961,  but  it  is 
likely  that  the  number  exceeds  that 
for  the  preceding  sixty  years.  When 
the  observations  have  been  studied, 
we  shall  certainly  have  made  some 
progress,  but  the  study  of  the  Indian 
Ocean  nevertheless  will  not  be  ter- 
minated. We  have  not  yet  finished 
with  the  North  Atlantic  in  spite  of 
all  the  observations  and  studies  of 
which  it  has  been  the  object  for  over 
a  century! 

But  I  believe  that,  thanks  to  the 
International  Indian  Ocean  Expedi- 
tion the  Indian  Ocean,  shall  be  no 
longer  the  "forlorn  ocean".  Some  of 
the  leading  experts  in  physical  ocean- 
ography now  seem  to  be  interested 
in  its  specific  problems,  and  this,  in 
my  opinion  is  one  of  the  first  out- 
standing results  of  this  enterprise. 


"This    report    is    dated    20    October    1963. 

(Ed.) 
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From  top  to  bottom: 

The   Russian    icebreaker    'Ob';   the   'Vema' 
of  Lamont   and  the  'Argo'  of  Scripps  • 
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The  Tiros  V  and  VI  weather  satel- 
lites were  programmed  to  cross  the 
Indian  Ocean  for  extensive  cloud 
photography  which  can  be  co- 
ordinated with  the  weather  observa- 
tions of  the  IIOE  ships  and  aircraft. 


The  Russian  vessel  'Vityaz'  found 
two  steep  seamounts  rising  from 
depths  of  5500  meters  to  2474  and 
3726  meters  in  the  region  of  the  so- 
called  Mary  Augustine  Bank  between 
Sunda  Strait  and  Australia.  Although 
the  bank  is  on  the  map  it  could  not 
be  located. 

The  'Vityaz'  found  a  westward 
countercurrent  at  70  centimeters  per 
second  (±ll/2  knots)  under  the  east- 
erly monsoon  current  which  was 
flowing  at  180  c.m.  per  second. 

The  existence  of  a  2600  mile  long 
meridional  ridge  in  the  northeastern 
part  of  the  Indian  Ocean  was  also 
reported  by  the  'Vityaz'.  The  ridge 
runs  from  the  southeastern  part  of 
the  Bay  of  Bengal  to  32°  -  34°S. 


The  IIOE  aided  in  Major  Cooper's 
22  orbit  flight.  At  the  request  of 
Project  Mercury  headquarters  the 
International  Meteorological  Center 
provided  Indian  Ocean  weather  and 
wave  analyses  and  forecasts  for  the 
orbital  flight. 

Maximum  winds  of  104  knots  were 
reported  in  a  near-equatorial  cyclone 
by  aircraft  of  the  U.  S.  Weather 
Bureau's  Flight  Facility  (RFF).  Two 
D.C.  6's  were  the  first  planes  ever  to 
penetrate  the  eye  of  a  cyclone  in  the 
Indian  Ocean.  The  four  aircraft  of 
the  RFF  also  cooperated  with  the 
R.V.  'Anton  Bruun'  to  measure  low- 
level  wind  profiles.  The  RFF  program 
is  supported  by  the  National  Science 
Foundation. 


Prime  Minister  Nehru,  four  cabinet 
ministers  and  other  senior  officials 
were  taken  on  short  demonstration 
flights  in  the  specially  equipped 
weather  planes  of  the  RFF. 


Distribution  of  manganese  nodules  as  found 
by   the  'Vityaz'.     Black  spots  indicate   pres- 
ence of  nodules.  The  greatest  concentrations 
were  found  in   the   hashed  area. 


Distribution  of  ferro-mangonese  nodules  in  the  Indian  Ocean 

1.  Stations  where  nodules  were  not  observed 

2.  Stations  at  which  nodules  were  found 

3.  Area  where  nodules  are  widespread 
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The  Carlsberg  Ridge  in  the  Ara- 
bian Sea  (see  the  'Discovery'  article) 
is  joined  with  the  Mid-Atlantic  Ridge 
around  the  Cape  of  Good  Hope  and 
also  joins  with  a  ridge  toward  the 
south  and  east  encircling  Australia. 
The  Carlsberg  Ridge  rises  some  3300 
meters  above  the  seafloor  on  both 
sides  but  remains  about  700  to  1000 
meters  below  the  sea  surface.  It  has 
been  shown  that  big  forces  have  dis- 
located the  ridge  at  the  northern  end 
with  horizontal  displacement  as 
much  as  a  few  hundred  miles.  The 
work  of  the  'Discovery',  the  'Vema' 
and.  the  'Chain'  may  aid  in  confirm- 
ing or  denying  the  interesting  hy- 
pothesis that  rocks  from  deep  down 
in  the  earth  flow  towards  the  surface 
and  form  the  mid-ocean  ridges. 

The  opportunity  for  bird  watching 
appears  to  be  tremendous  in  the 
Indian  Ocean.  A  "Preliminary  guide 
to  the  birds  of  the  Indian  Ocean" 
plus  a  recent  addenda  was  published 
by  the  Smithsonian  Institution. 

The  marine  automatic  weather  sta- 
tion (NOMAD)  which  has  operated 
for  long  periods  in  the  Gulf  of  Mexico 
and  Caribbean  is  now  anchored  in 
the  Bay  of  Bengal. 


Tens  of  thousands  of  feet  of  sedi- 
mentary material  are  found  off  East 
Africa  and  may  be  the  result  of 
downwarping,  it  was  reported  by  the 
H.M.S.  'Owen'.  It  is  possible  that  the 
boundary  of  the  African  coast  was 
several  hundred  miles  to  seaward. 


A  fine  colored  chart  "Indian  Ocean 
oceanographic  cruise  tracks  sched- 
uled" was  published  by  the  U.  S. 
Oceanographic  Office,  (H.O.  17.138-C, 
Sept.  '62).  The  chart  illustrates 
graphically  the  enormous  coverage  of 
the  participating  ships. 


The  deepest  sounding  obtained  so 
far  in  the  northwest  Indian  Ocean 
was  found  at  3173  fathoms  (cor- 
rected) in  a  small  trench  northwest 
of  the  Carlsberg  Ridge.  Many  other 
new  bottom  features,  major  faults, 
trenches  and  troughs  were  shown  on 
a  bathymetric  chart  prepared  in 
August  1963  by  Dr.  A.  S.  Laughton 
from  data  obtained  by  the  R.V. 
'Atlantis,'  the  'Vema,'  the  U.S.C.G. 
'Eastwind,'  the  'Vityaz,'  and  H.M.S. 
'Owen'  and  'Dalrymple'  and  other 
ships. 


Metric  system 
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N  THE  whole  Oceanus  has  adopted  the  metric  system,  in  line  with  the 
publication  of  scientific  results.  For  those  not  too  well  acquainted  with  the 
system  we  suggest  they  obtain:  "The  metric  system  of  measurement",  U.S. 
Dept.  of  Commerce,  Nat.  Bureau  of  Standards,  Misc.  Publ.  #232.50.  This 
handsome  color  wall  chart  is  available  from  the  Superintendent  of  Docu- 
ments, Govt.  Printing  Office,  Washington  25,  D.  C.  50(-. 


1  meter 
1  centimeter 
1  kilometer 
1  kilometer 
1  nautical  mile 

(knot) 
1  liter 
1  kilogram 
Temp.    Fahrenheit 
Temp.    Centigrade 


3.28  feet 

0.3937  inch 

0.621  statute  mile 

0.54     nautical  mile 

51.48  cm   per    second 

or  1.853  kilometer  per  hour 

1.057  U.S.  liquid  quart 

2.205  avdp.  pounds 

9/5th  temp.  C  +32° 

5/9th  temp.  F.  —32° 
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T  WILL  be  virtually  impossible  for 
the  'Chain1  not  to  know  where  the 
ship  is  at  any  time  of  the  day  and 
night.  In  addition  to  the  sextants  on 
the  bridge,  the  two  navigation  sys- 
tems under  development  at  the 
Institution  are  on  board.  Dr.  W.  S. 
von  Arx  is  operating  and  refining  his 
gyro  erected  optical  navigation 
system*  and  will  also  attempt  to  use 
the  GEON  for  levelling  experiments 
to  measure  the  conspicuous  60  mile 
dents  in  the  Geoid  existing  in  the 
Indian  Ocean  area.  Also  present  is 
the  Very  Low  Frequency  relative 
navigation  system  in  development 
by  Mr.  J.  H.  Stanbrough  Jr.,  who 
partook  in  the  'Atlantis  II'  cruise  #8. 
Finally,  there  are  two  Loran  C  re- 
ceivers and  a  Decca  receiver  for 
navigation  within  range  of  these 
systems. 

There  is  a  pressing  need  for  a 
long-range  navigational  system,  es- 
pecially in  areas  or  under  conditions 
when  celestial  fixes  cannot  be  made 
for  days  on  end.  The  desired  a£- 
is  0.5  miles  over  long  time 
periods.  One  of  the  two  navigation 
systems  under  development  at  the 
Institution  uses  the  signals  from 
very  low  frequency  (VLF)  radio 


Navigation 


stations  whose  frequencies  are  sta- 
bilized with  great  accuracy  by  an 
atomic  clock.  By  continuously  com- 
paring the  phase  angle  of  the  VLF 
signal  received  from  the  transmitting 
station  with  the  phase  angle  of  a 
signal  generated  on  board  ship  it  is 
possible  to  determine  the  movement 
of  the  ship  toward  or  away  from  the 
transmitting  station.  This  movement 
can  be  converted  into  changes  in 
latitude  and  longitude.  One  obtains 
only  a  record  of  movement  relative 
to  a  prior  location,  hence  an  exact 
position  must  be  obtained  occasion- 
ally at  a  port-of-call,  or  by  celestial 
or  Loran  fixes,  etc. 

The  system  which  consists  of  a 
small  box  was  in  continuous  use  on 
board  the  'Atlantis  IF  in  the  Indian 
Ocean,  and  provided  also  one  meas- 
urement which  we  have  never  been 
able  to  obtain.  When  our  ships  are 
"on  station"  there  is  a  certain  amount 
of  drift  which  could  be  determined 
by  the  VLF  method  with  an  ac- 
curacy of  ±l/10ths  of  a  mile.  We 
plan  to  publish  an  article  on  VLF 
navigation  in  a  coming  issue. 


*See:    "The    levels    of    sea    level    at    sea," 
Vol.  Ill,  No.  2,  Dec.  '61. 
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"The  Sea"  — -  "Ideas  and  Observations  on 
Progress  in  the  Study  of  the  Seas,"  edited 
by  Dr.  M.  N.  Hill.  Vol.  III.  Intersdence 
Publishers,  New  York,  1963.  963  p.  ///us. 
$28.00. 


T  IS  amusing  to  compare  the  third,*  last  and  heaviest  volume  of  this 
epic  textbook  with  our  "bible":  "The  Oceans".  There  are  1,087  pages  in 
'The  Oceans,"  published  in  1942  and  containing  virtually  all  the  knowledge 
possessed  at  that  time.  Volume  III  of  "The  Sea"  has  963  pages,  almost  all 
devoted  to  the  earth  beneath  the  sea.  Less  than  140  pages  were  given  to 
the  same  subject  in  "The  Oceans". 

Since  1946  a  great  deal  of  exciting  information  has  been  obtained. 
Seismic  refraction  methods  showed  the  difference  of  the  crustal  rocks 
between  the  ocean  and  the  continents  and  the  thinness  of  the  earth's  crust 
below  the  sea  bottom.  More  and  more  improved  continuously  recording 
echo-sounding  techniques  revealed  the  rough  topography  of  the  bottom, 
including  the  prevalence  of  seamounts.  The  invention  of  the  piston  coring 
tube,  seismic  reflection  methods  and  radioisotope  dating  revolutionized 
studies  of  the  sediments  while  underwater  photography  gave  us  our  first 
opportunity  to  view  the  deep  ocean  bottom.  The  development  of  gravity 
meters  which  can  be  used  from  a  surface  ship  and  the  towed  magnetometers 
provided  the  means  of  obtaining  extensive  observations  in  a  previously 
uncooperative  environment.  Finally,  the  ability  to  measure  the  flow  of 
heat  through  the  ocean  floor  is  but  the  most  recent  development  of  the 
ideas  and  observations  which  have  opened  a  new  horizon  for  the  study 
of  the  earth,  its  origin,  history  and  future.  All  of  these  stimulating  develop- 
ments are  described  in  the  34  chapters  of  the  volume  by  some  40  of  the 
world's  foremost  geologists  and  geophysicists.  The  book  is  divided  into 
three  sections:  geophysical  exploration,  topography  and  structure,  sedi- 
mentation and  history. 

With  the  appearance  of  this  final  volume,  the  editor  Dr.  M.  N.  Hill  and 
his  editorial  board  of  Drs.  E.  D.  Goldberg,  C.  O'D.  Iselin  and  W.  H.  Munk, 
as  well  as  the  Interscience  Publishers,  deserve  a  well-earned  vote  of  thanks. 
So  also  does  Dr.  R.  Revelle  who  suggested  that  this  work  be  attempted  and 
that  it  should  not  be  a  textbook  but  rather  an  account  of  how  oceanography 
and  the  thoughts  of  oceanographers  were  moving. 

The  slight  criticism  we  have  to  offer  is  that  a  sturdy  ring  might  have 
been  provided  to  anchor  the  $28.00  volume  securely  to  one's  bookcase. 

*The  first  two  volumes  were  reviewed,  respectively,  in  Oceanus,  Vol.  IX,  2,  and  X,  1. 
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Best  seller  reprinted 


4GELOW  and  Schroeder's  highly 
regarded  "Fishes  of  the  Gulf  of  Maine" 
(1953)  has  been  out  of  print  since  1961. 
Recently,  copies  have  commanded  as 
much  as  $30  on  the  second-hand 
market.  Now,  this  fine  book  has  been 
reprinted  (unrevised)  by  the  Woods 
Hole  Oceanographic  Institution  and 
the  Museum  of  Comparative  Zoology 
at  Harvard.  The  book  describes  and 
illustrates  all  of  the  fishes  that  have 
been  found  within  the  limits  of  the 
Gulf.  It  gives  the  details  of  their  life 
histories  (in  so  far  as  known)  and  dis- 
cusses the  importance  of  each  in 
terms  of  natural  and  human  economy. 
The  book  is  useful  alike  to  scientists, 
sportsmen,  commercial  fishermen, 
and  seaside  naturalists,  not  only  those 
living  along  the  shores  of  the  Gulf, 
but  all  from  Newfoundland  to  New 
York  (at  least).  It  has  a  charming 
literary  style,  unusual  in  such  works. 
Copies  in  a  waterproof,  mildew-proof, 
vermin-proof  buckram  cover  are 
available  at  $6.50  each  from  the 
Museum  of  Comparative  Zoology, 
Harvard  University,  Cambridge  38, 
Massachusetts. 


F.  S.  Russell  and  C.  M.  Yonge,  "The  Seas", 

Frederick    Warne    &    Co.    Ltd.,    London    and 

New  York,    1963. 

The  third  edition  of  this  wonderful  book,  first  published  in  1928,  is  a 
valuable  addition  to  the  library  of  all  those  interested  in  the  sea.  Although 
short  on  physical  and  geological  information  this  is  more  than  made  up  by 
the  book's  excellence  in  biology,  including  fishery  research.  The  splendid 
color  and  black  and  white  photographs  and  the  line  drawings  alone  would 
make  this  a  valuable  possession. 


Raymont,  J.  E.  G.  "Plankton  and  Produc- 
tivity in  the  Oceans".  A  Pergamon  Press 
Book,  The  MacMillan  Co.,  New  York,  1963. 

Intended  primarily  for  students  in  the  latter  years  of  a  university 
:ourse,  this  book  demonstrates  that  a  knowledge  of  other  aspects  soon 
becomes  esssential  for  a  proper  understanding  of  the  marine  biological 
environment.  The  close  relationship  between  physical  oceanography  and 
living  organisms  is  clearly  indicated. 
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Some  abbreviations 


We  do  not  like  alphabet  soup,  but  for  better  or  worse  have  to  learn 
to  eat  it: 

IIOE       International  Indian  Ocean  Expedition. 

SCOR  of  ICSU       Special*  Committee  of  Oceanic  Research  of: 

ICSU      International  Council  of  Scientific  Unions 

IOC        Intergovernmental  Oceanographic  Commission   (Unesco) 

FAO       Food  and  Agricultural  Organization  of  the  UN 

WMO     World  Meteorological  Organization  of  the  UN 

NIO        National  Institute  of  Oceanography  (Gr.  Britain) 

NODC    National  Oceanographic  Data  Center,  Washington,  D.  C. 

WHOI    Woods  Hole  Oceanographic  Institution    (in  Oceanus   usually) 

referred   to   as:    "this    Institution;   our    Institution;    at    Woods 

Hole,  we;  etc.) 

Oh,  but  there  are  many  more.  Interested  persons  please  see:  IMS  OF 
UNESCO  AND  FAO  BY  UN,  Jan.  '64,  p.  41-42.  Letters  from  sociologists 
among  our  readers  are  invited  to  explain  this  burgeoning  system.  Could 
GBS'  simplified  alfabet  help? 

*  In  some  references  listed  as:   "Scientific  Committee,"  etc. 

Staff  members  honored 

Dr.  J.  S.  Malkus,  meteorologist, 
recently  was  named  one  of  nine 
"Women  of  the  Year",  by  the  Los 
Angeles  Times. 

Prof.  H.  M.  Stommel,  oceanogra- 
pher,  was  the  first  recipient  of  the 
Sverdrup  Gold  Medal  from  the 
American  Meteorological  Society. 
The  citation  read  in  part:  ".  .  .  out- 
standing contributions  to  the  dy- 
namics of  ocean  currents,  especially 
the  Gulf  Stream,  and  for  the  rich 
insight  with  which  he  has  advanced 
knowledge  of  the  physical  nature  of 
oceanic  and  atmospheric  phenom- 


ena —  ' 


The  late  Harald  Sverdrup  for 
whom  the  medal  was  named  was 
Director  of  Scripps  Institution  of 
Oceanography  and  the  senior  author 
of  "The  Oceans".  A  Norwegian,  Dr. 
Sverdrup  spent  seven  years  in  the 
Arctic  Ice  on  Amundsen's  'Maud'. 


First  use  of  Laser  at  sea 

Dr.  von  Arx  took  a  Laser  on  board  the  'Chain'  to  measure  directly  the 
differing  water  types  as  the  ship  moves  over  the  Continental  Slope  and 
Shelf,  through  the  Gulf  Stream  and  through  the  Sargasso  water.  The 
light  beam  will  be  used  to  measure  the  different  scattering  of  the  various 
water  types. 
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